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Abstract. Plants experience a number of stresses in the environment, including those caused by salts, drought, heavy met-
als and frost. To maintain safety during winter, deicing salt (sodium chloride) is sprinkled over roads. In global practice, 
natural and laboratory investigations of the impact of road maintenance salts on various species of plants are carried out. 
So far in Lithuania, only single cases of such investigations have occurred. 
The aim of this investigation is to determine which of the analysed herbaceous vegetation species (perennial ryegrass, fes-
cue grass, meadow-grass) shows the highest degree of resistance to toxic impact of salts (stress), to set the toxic limits of 
salt concentrations and to analyse how salts impact on the core parameters of herbaceous vegetation. 
The investigation proves that NaCl content in the soil negatively affects the growing process of grass vegetation, i e it 
slows down increase of its above-ground part and reduces its phytomass. During experiments it was determined that per-
ennial ryegrass had the highest degree of resistance to toxic impact of salts. 
Keywords: road maintenance salts, herbaceous vegetation species, toxicity. 
 
1. Introduction 
To ensure safe motor traffic in wintertime, salts 
(most frequently sodium chloride) are used on roads. 
First of all, chlorides get onto the driving part and roadsi-
des and directly contaminate the soil of protective areas 
located on waysides and negatively affect flora. In addi-
tion, there is indirect pollution of the environment when 
atmospheric precipitation or melt-water wash salts out of 
the soil to surface and ground waters [1]. 
In global practice, natural and laboratory investiga-
tions into the impact of road maintenance salts on various 
species of plants are carried out. So far in Lithuania, only 
single cases of such investigations have occurred. 
Seeking to determine a negative effect of technical 
salts on the ecosystems in the environment of roads, De-
partment of Environment Protection of Vilnius Gedimi-
nas Technical University investigated the impact of road 
maintenance salts on water ecosystems according to dia-
tom flora investigation in the Verkiai pond and the Ginei-
tiškiai lake in 2004. The investigation findings show that 
one of the reasons that could impact on the spread of 
diatom flora typical to salty waters is road maintenance 
salts (chlorides) [2]. 
Plants experience a number of stresses in the envi-
ronment, including those caused by salts, drought, heavy 
metals, and frost. 
Soil salinity is an important factor causing abiotic 
stress on the global scale. Presently, around half of all 
irrigated soils are affected by salt content. High salt con-
centration causes ionic imbalance and increases osmotic 
shock in plants [3, 4]. 
In order to determine the causes of forest biomass 
reduction, various factors were investigated. Based on 
previous research, pollutant emissions are among the 
causes reducing the amount of spruces (P. abies) growing 
up to their maturity in Europe. Road salt is also an ob-
vious and possible cause of tree amount reduction. 
When the condition of blue spruces started deteriora-
ting in Japan, investigation into spruce decay causes was 
started in 2003. Major part of forest areas consists of 
coniferous species, such as Picea abies, Picea glehnii and 
Abies sachalinensis. One third of P. abies and P. glehnii 
by roadsides started growing slower. It is known that the 
species of blue spruce is very sensitive to salts compared 
to other species. 
Upon having compared the characteristics of dama-
ged and unharmed areas of P. abies and P. glehnii growth 
in north Japan, it was noticed that a tree height in areas 
damaged by salts was smaller compared to unpolluted 
areas. Detected sodium and chlorine ions migrate to need-
les. Furthermore, the cast of needles in damaged areas 
was more rapid, and the velocity of photosynthesis, water 
potential and velocity of evaporation were slower compa-
red to non-contaminated areas. These changes in physio-
logical parameters are the same as those in plants 
saturated with salts. Consequently, a conclusion can be 
drawn that, in the course of time, salts contained in the 
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soil accumulate in needles, disturb various physiological pro-
perties and finally suppress the growth of trees as a result of 
general complex phenomena. Investigation into sodium and 
chlorine impact causing these symptoms shows that chlorine 
has a higher negative effect than sodium [5]. 
In Finland, the accumulation and visual damage of 
salt made to the needles of Scots pine (Pinus sylvestris) 
was investigated in 1992–1994. Two specimen sections, 
4 km each, separated by a highway, were selected in eas-
tern Finland for study. In Savo-Karjala region the use of 
road salt was reduced by around one tenth (areas with a 
low salt content), whereas in the central region of Finland 
road salt was used in a usual manner (areas with a high 
salt content). Needles, aged from one to two years, were 
investigated 8 times over the period of 1992–1994. The 
findings showed visual damage in pine needles. The con-
centrations of sodium, chlorine and calcium were also 
analysed. Reduction of salt use over 2 years clearly dec-
reased accumulation of salt (Na+ and Cl¯), and visual 
damage to the growth of pine needles was determined in 
the areas located closer to roadsides. Calcium concentra-
tion in needles was not changing. In the specimen areas, 
along the places with a high salt content, needle browning 
and premature fall, especially in late spring, were recor-
ded. Harmful effect of road salts covered not a bigger 
distance than (20–30) m from the road, and salt concent-
ration and visual harm in needles were insignificant bey-
ond this distance. Taking into consideration the fact that 
salt concentration in the soil was not changing very 
much, salt spatters reaching trees through the air is an 
important factor of salt accumulation in needles. Changes 
of the air conditions have a significant impact on salt 
accumulation in needles and cause visual harm. Big tem-
perature fluctuations intensify a negative impact of salts 
on needles. 
Salt concentration in pine needles was higher in late 
winter, March and April. Even though the use of salt was 
discontinued in April, the concentration of sodium and 
chlorine in needles, especially in those aged one and two 
years, remained clearly higher in April than in May and 
June. Sodium and chlorine concentration in needles dec-
reases in the summertime but it still remains higher than 
in autumn. Salt accumulation in needles increases with 
the age of needles. 
Na+ and Cl¯ accumulation in needles has different 
velocities. The accumulation indirectly depends on salt 
use on roads. This shows a different scheme of Na+ and 
Cl¯ getting onto needles, accumulation and washing out 
in needles. 
It is stated that salt use slows down the growth of pi-
nes on roadsides. It was noticed that even a small amount 
of road salts may be significant for salt accumulation in 
trees growing in the nearest proximity to roadsides. 
Visual harm was observed in up to 2,5 m tree height. 
This is an approximate height that is reached by salt spat-
ters through the air. 
It was also determined that salts can have indirect 
impact on the spread of diseases of trees growing closer 
to roadsides, such as needle cast fungus (Lophodermium 
seditiosum) and pine aphid (Cinara pinea) [6]. 
In Spain, the impact of three kinds of chlorine salts 
(15 mol/m–3 CaCl2, 30 mol/m
–3 NaCl and 30 mol/m–3 
KCl) on Carrizo citruses (Citrus sinensis and Poncirus 
trifoliata) and Cleopatra mandarins (Citrus reshni) seed-
lings was investigated in 1998. Carrizo seedlings showed 
stronger growth, higher phenotype and average sensitivity 
to salt content compared to Cleopatra seedlings, which 
were growing slower and were more tolerant to salts. It 
was determined that Cl¯ slowed down the growth and gas 
circulation parameters, caused anatomic damages and 
mineral imbalance in seedlings. The first study proved 
that chlorine ions restricted the growth of citruses. But 
later investigations determined that damage might be 
caused by any ion-chlorine and sodium or by both of 
them [7, 8]. 
In the United States of America (the State of India-
na) investigation into the impact of NaCl used in winter 
on peat moss (Sphagnum recurvum) was carried out in 
1984. A bog located near to Indiana Toll road crossing 
Pinhook Bog was chosen for study. One of more noti-
ceable peat moss was studied in the bog. The investiga-
tion showed that salt concentrations contained within 
(300–1500) mg/l limits, expressed as Cl¯, considerably 
reduced the growth of Sphagnum recurvum lengthways 
under laboratory conditions. Biomass growth was also 
decreased at high Cl¯ concentrations. The results showed 
that chlorine was a stronger growth inhibitor compared to 
sodium. During experiments, where contact with water 
was reduced and the surface area of plant evaporation 
was increased, salt concentrated in plant tops because of 
total evaporation, and this resulted in the death of plants 
at different NaCl concentrations. Plant watering by imita-
ting rain removed salt cover from the plants but peat 
mosses developed rapidly again and repeated the same 
decay effects in the period of 3 weeks after the last 
watering. The growth reduction and decay of Sphagnum 
recurvum peat moss revealed a possible impact of set 
NaCl concentrations in Pinhook Bog on peat mosses in 
the area impacted by road salts [9]. 
In Switzerland, the impact of road salts on flora was 
investigated during drought in 1984. A hawthorn (Cra-
taegus spp.) was chosen for study. In order to simulate 
the impact of road salt spatters on flow nearby roadsides 
hawthorn plants were exposed to NaCl spatters in winter. 
The use of NaCl significantly increased non-resistance of 
hawthorns to green apple aphid Aphis pomi. An average 
degree of drought also reduced aphid population. Road 
salt and drought even of a low degree have major impact 
on the increase of aphid population by roadsides [10]. 
 
2. Investigation methods and conditions 
The investigation was carried out under laboratory 
conditions. 
The aim of investigation: to determine which of the 
analysed herbaceous vegetation species (perennial ryeg-
rass, fescue grass, meadow-grass) shows the highest deg-
ree of resistance to toxic impact of salts (stress), to set the 
toxic limits of salt concentrations, and to analyse how 
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salts impact on the core parameters of herbaceous vegeta-
tion. 
Three kinds of grass vegetation, most frequently 
used in Lithuania for planting on waysides, were selected: 
• Perennial ryegrass (darimo species) – Lolium pere-
nne L.; 
• Fescue grass (prana species) – Festuca pratensis 
Huds.; 
• Meadow-grass (balin species) – Poa pratensis L. 
Road maintenance salt widely applied in Lithuania, 
i e crushed technical NaCl, treated with potassium ferro-
cyanide – (K4[Fe(CN)6]), was used in this investigation. 
The course of investigation: 100 seeds of perennial 
ryegrass, fescue grass and meadow-grass, each were 
sown in plastic plant pots containing 1 kg of soil. Three 
NaCl concentrations – 20 g/kg, 10 g/kg and 1 g/kg, in the 
form of solutions inserted into the soil, were used in the 
study. In this way the three mentioned species of grass 
vegetation were seeded into 12 plastic: each species was 
seeded in 3 pots with different NaCl salt concentrations in 
soil and in uncontaminated soil (control plants). 
The bottom of each plant pot had holes to ensure na-
tural water run-off and prevent excess accumulation of 
water. The seeds of each species were simultaneously 
seeded in a medium contaminated with sodium chloride 
salt and in a pure medium (experimental and control 
plants). Both the experimental and the control plants were 
grown under identical conditions, i e at the same tempera-
ture and lighting, were watered with identical amounts of 
water and at the same time.  
The study determined the main parameters of grass 
vegetation, i e the length of above-ground part (cm) and 
plant’s phytomass (mg). 
Room temperature (°C) was observed during inves-
tigation. The experimental and control plants were 
watered, taking into consideration the room air tempera-
ture and visual soil humidity, once a week: with 50 ml of 
water for the first 3 weeks, with 100 ml starting work 
week 4. Experimental plants were grown in the northern 
part of the laboratory without direct sunlight, ie unfavou-
rable ecological conditions were chosen. 
 
3. Investigation findings 
During the first week of study ryegrass and fescue 
grass germinated, whereas meadow-grass did not germi-
nate even in the control plant pot. During the first week 
of growth 17–18 °C temperature was maintained in the 
room. The diagram shows that after the first week ryeg-
rass had a bigger length of the above-ground part than 
fescue grass. The length of ryegrass in the soil with 
1 g/kg NaCl content showed the difference of 2,6 times, 
that of fescue grass – 2,5 times compared to the control 
one (Fig 1). 
During the second week of study meadow-grass star-
ted germinating. The room temperature was raised to 22–
23 °C. The increased room temperature resulted in a con-
siderable growth of plants during the second week. The 
length of ryegrass control plants amounted to 13,2 cm, 
that of fescue grass – 11,5 cm and of meadow-grass – 
2,8 cm. The length of the above-ground part of ryegrass 
in the soil with 1 g/kg NaCl content showed the differen-
ce of 1,4 times, that of fescue grass – 2,0 and of meadow-
grass – 2,2 times compared to the control one. On the 
second week the difference between ryegrass lengths in 
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Fig 1. Length of above-ground part of grass vegetation af-





Fig 2. Length of above-ground part of grass vegetation  
after the 2nd week of growth  
 
The biggest increase of the ryegrass above-ground 
part occurred on the second week of growth, when it 
enlarged from 1,8 cm to 13,2 cm in the control soil, and 
from 0,7 cm to 9,4 cm in the polluted soil. This was the 
result of temperature increase from 17 °C to 23 °C in the 
room. Difference between control and experimental 
plants after the 1st week of growth was 1,1 cm, after the 
2nd week – 3,8 cm, after the 3rd week – 5,6 cm, the  
4th week – 8,6 cm. 
A maximum increase of the above-ground part of 
fescue grass, like that of ryegrass, occurred during the  
2nd week of growth, when it grew up from 0,5 cm to 
11,5 cm in the control soil, from 0,2 cm to 5,6 cm in the 
contaminated soil. Difference between control and ex-
perimental plants after the 1st week of growth made up 
0,3 cm, after the 2nd week – 5,9 cm, after the 3rd week – 
5,1 cm, the 4th week – 6,9 cm.  
Meadow-grass germinated one week later compared 
to ryegrass and meadow-grass, i e after the 2nd week of 
experiments, the above-ground length of control plants 
had reached 2,8 cm, and that of experimental ones – 
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1,3 cm (the difference makes up 1,5 cm). Starting from 
the 3rd experimental week, difference between control 
and experimental mead-grass plants was very stable and 




Fig 3. Length of above-ground part of grass vegetation af-
ter the 3rd week of growth 
 
22–23 °C temperature was maintained during the 
3rd week of study. The length of control ryegrass reached 
20,3 cm, that of fescue grass – 13,8 cm and of meadow-
grass – 6,4 cm. Compared to the control length, the 
length of the above-ground part of ryegrass in the soil 
with 1 g/kg NaCl content showed the difference of 
1,4 times, like on the 2nd week, that of fescue grass – 
1,6 times and of meadow grass – 2,6 times. We can see 
that experimental plants have not germinated in the soil 
having contamination concentration of 10 g/kg and 
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Fig 4. Length of above-ground part of grass vegetation af-
ter the 4th week of growth 
 
During the 4th study week 22 °C temperature was 
maintained in the room. The plants seeded in soil conta-
minated with NaCl had the following lengths: ryegrass – 
23,4 cm, fescue grass – 17,2 cm, meadow-grass – 7,6 cm. 
Compared to the control length, the length of the above-
ground part of ryegrass in the soil with 1 g/kg NaCl con-
tent showed the difference of 1,3 times, that of fescue 
grass – 1,7 times, of meadow-grass – 2,1 times (Fig 4). 
After 4 weeks of growth the length of the above-
ground part of ryegrass control plants, compared to the 
plants seeded in soil contaminated with 1 g/kg NaCl, 
showed the difference of 1,4–2,6 times, that of fescue 
grass – 1,6–2,5 times, of meadow-grass – 2,1–2,6 (ger-




Fig 5. Phytomass of perennial ryegrass after 4 weeks of 
growth 
 
After 1 week of growth control perennial ryegrass 
had the phytomass of 6,09 mg, and the ryegrass in soil 
containing 1 g/kg of NaCl – 1,27 mg. The difference 
between the phytomass of ryegrass in soil contaminated 
with NaCl and control plants was 4,8 times. When on the 
2nd week of study the temperature in the laboratory rose 
up to 22–23 ºC, there were obvious changes in plant phy-
tomass as well as in the length of the above-ground part. 
After the 2nd week the phytomass of control ryegrass 
amounted to 34,66 mg, and of those in soil contaminated 
with NaCl – to 18,75 mg. After the 2nd week the phy-
tomass of control ryegrass plants was 1,8 times bigger 
than that of experimental plants, after the 3rd week this 
difference reached 2,0 times and after the 4th week – 
2,24 times. Thus, the biggest difference in the phytomass 
of control and experimental plants was recorded after the 
1st week (4,8 times), and the smallest – after the 2nd week 




Fig 6. Phytomass of fescue grass after 4 weeks of growth 
 
The largest increase in the phytomass of fescue grass 
was recorded after the 2nd week of growth: 26,81 mg of 
control plants, and 11,47 mg of plants in soil contami-
nated with 1 g/kg of NaCl. The smallest difference be-
tween the phytomass of control fescue grass plants and 
experimental plants was recorded after the 3rd week of 
study (1,6 times), and the biggest – after the 1st week 
(3,5 times) (Fig 6). 
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Fig 7. Phytomass of meadow-grass after 4 weeks of 
growth 
 
As the diagram shows, the results of meadow-grass 
phytomass are given only from the 2nd week because 
meadow-grass germinated only on the 2nd week of study. 
Over the entire period of growth meadow-grass had the 
smallest phytomass compared to ryegrass and fescue 
grass. But it was meadow-grass, including both control 
and experimental plants, the phytomass of which was 
changing most gradually, what means that the difference 
in meadow-grass phytomass, when compared to control 
and experimental plants, was ~2,0 times over the entire 
period of investigation (Fig 7). 
 
4. Conclusions 
1. The analysed species of grass vegetation were 
seeded in soil contaminated with the following concentra-
tions of sodium chloride (NaCl): 1 g/kg, 10 g/kg and 
20 g/kg. During the 1st week of study control and 
experimental ryegrass and fescue grass germinated in the 
control soil and that with NaCl contamination concentra-
tion of 1 g/kg. During the 2nd study week meadow-grass 
also germinated in both control and contaminated (with 
1 g/kg of NaCl) soil. Over 4 weeks experimental plants 
have not germinated in soils containing 10 g/kg and 
20 g/kg of NaCl. 
2. The process of growth was for the most part influ-
enced by the room air temperature. Rapid elongation of 
the over-ground part of plants took place during the 
2nd week of study when the room air temperature rose 
from 17–18 °C to 22–23 °C. 
3. After 4 weeks of study of all the grass plants in 
question, perennial ryegrass displayed the largest phyto-
mass in soil with NaCl contamination concentration of 
1 g/kg, which was 35,2 mg. The smallest one was that of 
meadow-grass – only 9,5 mg. 
4. During investigation it was perennial ryegrass 
again that reached the biggest length of the above-ground 
part in soil with NaCl contamination concentration of 
1 g/kg. After 4 weeks of growth it amounted to 23,4 cm, 
while it was meadow-grass again that had the smallest 
length – 7,6 cm. 
5. During experiments it was determined that pere-
nnial ryegrass had the highest degree of resistance to 
toxic impact of salts, since after 4 weeks it was the only 
of the three experimental species of grass vegetation that 
started germinating in soil having the contamination con-
centration of 10 g/kg NaCl. 
6. The investigation proves that NaCl content in the 
soil negatively affects the growing process of grass vege-
tation, i e it slows down increase of its above-ground part 
and reduces its phytomass. 
7. After 4 weeks the control plants of perennial ryeg-
rass had 3 leaves, and those in soil with 1 g/kg of NaCl 
contamination – 2 leaves. Consequently, salts reduce the 
amount of leafage, therefore, thinning out of plants cau-
sed by salts can be observed even visually. 
8. After completing the investigation into toxic im-
pact of road maintenance salt (NaCl) on grass vegetation, 
it is purposeful to continue it by contaminating soil with 
NaCl concentrations from 2 g/kg to 8 g/kg, since the con-
centration exceeding 10 g/kg is toxic to grass plants. 
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DRUSKOS, NAUDOJAMOS KELIŲ PRIEŽIŪRAI, TOKSINIO POVEIKIO ŽOLINEI AUGALIJAI 
EKSPERIMENTINIAI TYRIMAI 
P. Baltrėnas, A. Kazlauskienė, J. Zaveckytė  
S a n t r a u k a   
Augalai aplinkoje patiria daugelį stresų: dėl druskų, sausros, sunkiųjų metalų, šalčio. Pasaulyje atliekami kelių priežiūrai 
naudojamų druskų poveikio įvairių rūšių augalams natūriniai ir laboratoriniai tyrimai. Lietuvoje tokio pobūdžio tyrimai 
kol kas tėra pavieniai. 
Straipsnyje pateikti Lietuvoje kelių priežiūrai daugiausiai naudojamos druskos – natrio chlorido (NaCl) toksinio poveikio 
žolinei augalijai eksperimentinių tyrimų rezultatai. Tyrimai buvo atliekami laboratorinėmis sąlygomis. Tyrimams pasi-
rinktos trys žolinės augalijos rūšys, kuriomis dažniausiai želdomos pakelės: daugiametė svidrė (Lolium perenne L.), tikra-
sis eraičinas (Festuca pratensis Huds.), pievinė miglė (Poa pratensis L.). Tyrimų metu nustatyta, kad NaCl, patekęs į 
dirvožemį, turi neigiamos įtakos žolinės augalijos augimo procesui, lėtina jos antžeminės dalies ir fitomasės prieaugį. 
Eksperimento metu paaiškėjo, kad atspariausia natrio chlorido toksiniam poveikiui yra daugiametė svidrė. 
Prasminiai žodžiai: druska, naudojama kelių priežiūrai, žolinė augalija, toksinis poveikis.  
 
ЭКСПЕРИМЕНТАЛЬНЫЕ ИССЛЕДОВАНИЯ ТОКСИЧНОГО ВОЗДЕЙСТВИЯ НА ТРАВЯНИСТУЮ 
РАСТИТЕЛЬНОСТЬ СОЛЕЙ, ПРИМЕНЯЮЩИХСЯ ДЛЯ СОДЕРЖАНИЯ ДОРОГ 
П. Балтренас, А. Казлаускене, Й. Завяцките 
Р е з ю м е 
Растительность в окружающей ее среде подвергается многочисленным воздействиям солей, тяжелых металлов, 
жары, холода. В мире проводятся натурные и лабораторные исследования воздействия на растения разных видов 
солей, применяющихся для содержания дорог. В Литве исследования такого рода пока немногочисленны.  
В статье представлены экспериментальные результаты токсичного воздействия на травянистую растительность 
наиболее часто применяющихся в Литве для содержания дорог солей натрия хлорида (NaCl). Исследования про-
водились в лабораторных условиях. Для испытаний были выбраны три вида травянистой растительности, чаще 
всего применяющиеся для озеленения обочин: плевел многолетний (Lolium perenne L.), овсянка обыкновенная 
(Festuca pratensis Huds.), луговой мятлик (Poa pratensis L.). Наблюдениями установлено, что NaCl, попадая в поч-
ву, отрицательно сказывается на процессе жизнедеятельности травянистой растительности, замедляя рост верх-
ней части растения и прирост фитомассы. Наибольшая устойчивость против токсичного воздействия натрия 
хлорида установлена у плевела многолетнего. 
Ключевые слова: соли для содержания дорог, травянистая растительность, токсичное воздействие. 
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